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lliis invention rdEtlcK tu el contrullcd absorption pharm^euciceil 
formulation and^ in particular, to a cniitmtJed Q^^ciipeion torn of 
jiaproxeii for oral administratioin. 

Naproxen, & piropionic acid ddivativc ((S) - 6-nielhcixyineTliyl-2^ 
5 nEitphthakncEicetic acid), ia a non-siteroidal) anti-LafLunmatoiy drug 
(NSAIO) which exiiibits aiialge&ic mwJ ar«ip>'retic properties. The exact 
mcchaniKnis of £ictian hstvc not been clciLrly ostdbliNhcd, but many of 
effects of nflproxon ati© associated with ihe iiibibftion of prostaglandin 
synlbcisis and m particular cyelo-axygjenafie, £di enzyme ttint cflUiVzee (he 
10 formation of prow<;taglandin precursors from ardchidonic acid. Naproxen 
i& used to i^lieve mild to moderately sevene pain in liieum^toid 
arthrili^. oslcoHrthriria and oihtr infUtmnialoty complftints. 

Naproxen has been available for use for over a decade and lias 
been found to be acceptably non-toxic by mauy legulfttofy agencies, 
IS Nfiproxen is used as either its free acid or its sodium aalt» naproxen 
sodium. The> pt&a^ applieaticn concerns a naproxen sodium 
formulation, however* it ^ill be understood that zvapro&en free acid 
could also be uaed. 

Naproxen and naproxen fiodiutn are conveinionally administered 
20 on n two to four times daily basis. FLuinia naproxen conceritrations of 
30-90 \i$fJxA reportedly are required for anti-inflarnmator)' or aixalgesic 
effects. Reduced pain mten&ity h^s been demonstrated h\ »ixty 
postpartum women from 0,5 to 5 hours after oral administralion of 
napioxcn or its Sodium salt in doses sufficient to yield plaima naproxen 
23 levels between 30-70 \L^iml (Sevelhis, H. ct (15*30 ); Br. J, CUa 
Pharmacol. 10^ 259-263), Hvideitce from twenty-four paticniit with 
rheumatoid art hritiii suggCftEed that cJmtcal re^pori&e occurred at pLiKiniL 
naproxen levels above 50 figftnL (Day, R.O. et aL (1982)^ Clin, 
Pham^acol. Ther. SI, 73^-740). ITius, while the rate of abiioipLion may 
30 affect the onset of analgesic ticfivity, cantbui:d plBsma levels of the dmg 
art likely to be biportaiU in tnaintaining atmlgesia. 
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It is an object of the present invention to provide a contrailed 
abeotption naproxen fomuistion suitable for qnce-daily administration, 
and particuistly one which demonsirafes an initiai rate of absorption 
resulting in a rapid analgesic effect and then exhibits contnoiied 
absorption characteristics resulting in continued plasma levels of the 
drug over a 24 hour period. 

Accordingly, the invention provides a naproxen formulation for 
oral administration on a once-daily basis, said formulation comprising 
a first portion of the napro)ten formulated in a muiti- particulate pellet 
form, each pellet having a core of naproxen or a phamnaceutically 
acceptable salt thereof surrounded by a multi-layer membrane, said 
membrane containing a major proportion of a pharmaceuticatly 
acceptable film-forming, vjater Insoluble polymer and optionally a 
minor proportion of a phiamiaoeutically acceptable film-fonmmg, w^ater 
soluble polymer, said multi-parliculate form being effective to release 
the drug at such a rate as to maintain therapeutically effective blood 
levels substantially over 24 hours when administered each day on a 
once-daily basis and» optionally, a second portion of said naproxen 
formulated so as to release the dnjg promptiy following administration 
so as to obtain a relatively immediate therapeutic response. 

Preferably said first portion is in peliet form comprising a core of 
naproxen or a pharmaceutically acceptable salt thereof in association 
with an organic acid, the naproxen componer>t and the organfc acid 
being present in a ratio of from 20:1 to 1:1, and a muiti-layer 
membrane surrounding said core and containing a major 
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proportion of a pharmaceutically acceptable film-forming, water 
indoluble polymer and optionally a minor proportLon of a 
pharmaceufically acceptable film-fDrnning. water soluble polymer^ the 
number of layers in said membrane and Ifie ratio of said water 
soluble to wafer insoluble polymer being effective to pernnit relea&e of 
said naproxen from said pellet at a rate allowing controlled absorption 
thereof at therapeuUcslly effective blood levels over a 24 hour period 
fgllofwing each daily oral administration. Preferred formulations of the 
present invention are those wherein the dissolution rate of said pellet, 
when measured in vitro \n a type 1 dissolution basket apparatus 
according to U,S, Pharmacopoeia XXII in phosphate buffer at pH 7.2 
and at 75 r.p.m. substantially corresponds to the following dissolution 
pattern: 
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Si) from 0 to 50% of the total naproxen is released alter 
1 hour of measurement in said appiitiitijs; 

b) fr^^m 20 to 70% of the tDtal luiproxfm ix released 
Aftet 2hDuiis of measLifem&nt in SAid apparatus; aiid 

5 o) b&5 tHtx S0% of tb& Dotal naproxeix is released 

When the dissolution rate Of said peUel ti measured in vivo in u 
type 1 dissolution ba&^et app^Tatus according to U.S. Pharmacopoeia 
XXli in phosrphate buffer at pH 7.4 md at SO rp,cn, the dissolution rate 
1 0 substantially cojicsponds to Oic f ulbwinj^ dis wlution f^Ueni: 

a) ficm 20 to 70% of the total naiprt>wii is released 
after 1 hour of measurement in said apparatus; 

b) not less tbsui 50% of lh& total naproxen is released 
After 2hour& of measurement in $aid apparatus; and 

IS c) not less than 75% of the totd naproxein is reJea&ed 

after 4 hcmrs of mea&uieinent in apparatus. 

The invention also pirovides a controlled ab&ccption n&proxcn 
fomtulatioit for oral admii\istration, comprising pellets as heteinbefote 
defined, ^id fbrmulation including a sufficient quantity of a rapi4 

20 release form of naproxen to ensure prompt aLhicvtment of analge&ieally 
effective blood levels together wUh the prolonged effects described 
above. Such farmulatiom comprismj tapid and prolonged release 
cotmpoiientR' preferably have a dissoLution t&Xt which when measured in 
a type 1 dissoluttoii basket apparatus according to U.S. Fharmacopoda 

25 XXU in phosphate buffer at pH 7.2 and at 75 r,p.m, substantially 
cocresipond2f Eo the foUowuig dissolution paltem: 

a) from IS to 50% of the total naproxen n&lca&ed 
after 0.5 hour* of niwisurement in said apparatus; 
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b) from 25 to 75% of llie lolal iinpioxcn is icb^itscd 
after 1 hour of meii^ren^ent in said appar&tuK; and 

c) not IfiKK than 65% of the total naproxen is released 
after 4 licuts oi:' measurement in said appfirdtus. 

5 When the dissolution rate of said pellet es measDi^d in vitrv in a 

type 2 dcssDlutiodi paddle spparatiks accorditif to Pliamuicupocia 
XXII in phc3«pliiLtc: bufffr at pH lA and at 50 r.p.m. thi: diKsolution rate 
substantially corj:es|>oiuls to tJie followiiifi dissolution pattern; 



4») if^m 25 to 60^ of tl^e total naproxen \% released 
10 aRer D.5 hoacs of measarement in said app4)ratu&; 

b) ffwm 35 to 75^ of tJie total naproxen is released 
after 1 hour of fneasLtreineiit m satd apparsttu&; aad 

c) not less thaii €5% of the total napi OT^en is released 
{ifter 4 hours of Hieasturemenrt in said apparatus. 

15 The applicants; have found in the case of the above famulations 

of th&prescjit invention, that therapeutically effective blnod levels can 
b& maintaini^d BubutsmfkUy over 24 hours with f^ak ptasrc^a level^L 
occurring between 2 and 16 houni, preferably between 4 and tO hours. 
Ihfi prt^ttmt invenlLon defines this desired iiine to peak plasrcia level as 

20 the Tmax of the formulation, 

Mv{tnta£&ou!;1yf the ibimnlation compriijcs a blend of pellets as 
hcicinbefoic defined logetlver with up to 60% by weight of said rapid 
release form of naproxen, preferably 20-45%, 

Most preferably, the rapid release form of naproxen cQmprLHci; a 
25 rapid release granulate. 
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'rl\t naproxci) u^cd in Uic preferred dcifiiigc foims of the prets&nt 
invention is io the fom of ft phannao&iilicalJ)- acceptable siili thcri:of, 
Ciipccially the sodium f^alt Ih^n^of, 

The organic acid is preferably repjieseiited by ot\t or itiore of Che 
5 folEovring ad<l&: adipic acut, ascorbic add, citric acid, futnaht^ acid, 
inslic acid, succinic acid or larturic acid. Especially preferred acids are 
fumaric acid and citric acid. 

The core also optionaUy conUins a lubncEuit which h reprasenited 
by cuie ar more of the following: sodium steerate, magrvesium steanfitc. 
10 fjtcanc acid or talc. The naproxen and lubricant are preferably pr&Rent 
in a ratio of from lOrl to 200:L 

Prefcrablyp ihc core comprises taproxen or a pharniaceuticaLly 
acceptable f^Hi thereof and the associated organic acid embedded in a 
polymeiic material. The polymeric material my be lapidly soluble in 
15 water or insoluble in v^mr or freely permeable to naproxen snd w^er 

ITie term water wluble polyxner a» u&ed herein includes polymers 
which ate freely pcnuciiahle to water, whilst ihe tern water i/i*oluble 
polyoier as used herein includes polymers which arc slightly permeable 
to water, 

^0 'file polymeric noatedal preferably consist* solely of a water 

insoluble polymer or a pdymer whrch h slightly permeable to 
and aquecrus solutions of naproxen, Altematively» the polymeric 
material may conisist Bolety of a water soluble polymer or a polymer 
which ia freely permeable Lo aqueous solutions of naproxen and water. 

25 The polymeric material of the core niay include a combination of a 
water uisoluble polymer with a water soluble polymer. The ratio of 
water *oluble;/freely pemieable to water insoluble/slightly pctmeable 
polymer is dctcrmuii:^ by the particular combination of polymeta 
selected. 
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Tlic water !^]uble polyttwr is siiiEatly polyvinyl aloohoL^ 
potyvmylpyrrolidono^ methyl cjellulose^ hydroxypropyl cellulo^, agar, 
carrc^e^n&n, Kanthaiip hydroxypropylmijthyl cellulose ur polycthyleiiG 
glycol or a mixture thereof. An especially preferred water Bclublc 
5 pcilynwr Is polj-vitiylpyrrolidone. 

A $uitaWef polyn^er which ie rr&ely peniieabb le JUkpi«?Lai and 
water is a polyiiitr &ald uinlt:r Oic Trade Mark EUDRAGIT RL, 

n^e water insolobte polymer of the core h ^uieably elhyi 
cellulo&e> i^cllulo^e acetate^ cellulase propionate (tower, medium or 
10 higher tnoleciilar weight), cellulose aoeiaie propioMCev cellulose noerate 
bcityratc, ocUuIohc acetate phthalafe^ DBllulose triacetate, poly(njethyl 
methacrylate), po8y(ethyl inetbaci^late), poly (butyl m&tiiacrylate), poly 
' (isobuiyl wctliacrylate), pol><hexyl niebhacrylate). poly Oso<tecyl 

methaciylaie)t p6Iy(lauryl nicthaciylate), po]y(phcnyI mcEliacrylatc), 
15 poly (methyl acrylate)i poly(iw>propyl aci7lflte), poty{isobutyl aciylate), 
^; polyCoctadeoyl actylate), poly C6aiylcn&)t poly (ethylene) low density, 

poly (ethylene) high density > poly (propylene)* poly (efhylens oxide), 
poly (cthylM&terephlhalalc), poly (vinyl i^cbutyl clhcr)> poly (vinyl 
acetaDe)i poly (vinyl chloride) or polyumeibaiie or a mixture thereof. 

20 The water insoHible polymer of the core mi^y also comprise 

naturally otx^itittg polyinea^ or lesins. Bspeeially suitable water 
instoluble, naturally occurring polymers inclvde Rhellac, chit oKan^ 
gumjuniper or a nikture thereof, 

A suitable polymer which is slightly pemieabte to naproxen and 
75 ^-ater is a polytioer sold under the Trade Mark BUDRAGIT RS or a 
polyiner whose peimeabLlily h pH dependent and sold utwJet (he Trade 
Marie EUDR ACilT L, EUDRAGIT S or EUDRAGIT E- EspeciaUy 
preferred polymers in this category are EUDRAOIT L. 

EUDRAGIT polymers arcj pulynusric lacquer substances baaed oii 
30 accylates and/or inetbacrylates. ilie polymeric materials sold under the 
Trade Mark EUDRAGIT RL and EUDRAGIT RS are aciylic resim 
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t:ompriK]T]g copolyin&rs of ftwyltc and iiie£ha<;ryli<; acid csfers with a 
low corneal of quati:rnary ammaniuni groups ^nd are desciibCii hi ihu 
"EUDRAGIT" brodiiiftt o/ Messrs. Rohm Pbaniiii GmbH (19^5) 
wlie/cin detailed phyfiical-chemical data of these products is given. Tlie 
5 ammonium groups preseiiC as ftalta and give ri»c io iho pcnncEibility 
of the lacq JOT films. EUDRAGIT RL and RS fneely permeable (RL) 
or ^i^tly permeabte (RS>, respectively, independent oi pLL 

EUDRAGIT L U an anionic polymer $ynthesi7ed from 
melhacryljo aeid and methaerylic Hcid methyl c^tcr. It is insoluble in 

iO Hcidd and puie water^ It become;; soluble in a neutral to we^iHy atkaline 
milieu by formia& salts wilh alkdis. 'llie pemieabiliiyol EUDRAGIT L 
U pH dependent- Above pH 5.0, the polymer becomes increassmgly 
permeable. EUDRAGn L U described in the "RUnRAGtr l/' 
brochure of Messrs, Roliw Pliama Gmbll (1986) wherein detailed 

15 pliy&ical-chemical daf& of (be product given. 

The cote suitably has a number of layers of the oore-foiming 
materials and is built up in a manner known per se, 

A mulli-Uyer airangement of naproxen, OT]ganic steid and 
polymeric material is p!referably built up on a central active core. The 

20 active cote is fomied by blending naproxen^ orgEmic acid and polymeric 
maferial to form a homogenous powder/ A portion of tlie above Wend h 
i^haped to form a centra^ core. A multi-layer arrangcmcni im then buill 
up by a succe^dive layedng and binding process wherein Ae remainder 
nf the blend and 3 polymer binding solution are applied to the active 

25 core iu attemative layers in a CMwentional coating pan- Altemativeiy, 
an automatic coating system may be ufi«rt \vhere the rewaUwJer of the 
bdend and polymer binding Kolutiun applied to the active core. 
stmuUaneo^>sly, Cotiventtonal autonuted coating system!; include, for 
example, s OF granulator Or a Glalt fluidii^ed bed. Tht cores are 

30 formed \0 assune a uniform distriliution of naproxen and excipient 

ingrcdicntK throughout ihc core. The preferred average diameter of the 
cooxpleted cores is in the lange of 0,4 - 1,6 ^lm^ ^ cKpecially preferred 
average diameter being in the range of 0.6 - L2 tnm. 
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The multi- layer attarfienaeJU of naproxen, organic acid and 
(K)l>iiieric mafchal may aUo be buih up on i central ineit cote, suitably 
consisting of a noji-jMiTeil bead or s«ed of gugar/^tarch having an 
aver^igfi diameter in the range 0.2-1.4 mm^ especially 0,3-0. R mm. The 
5 na^p^o^en, organic add and polymeric matenEil may be buiU wp on a 
OC£itrat inert coic as hcicinbcforc defined in a conventional coathlg pan 
or any auuimated coating system. 

The naproxen, or]ganic acid and optionail other componcntK are 
blended to (omi a liomogenous powder. Hi& naproxen coinponenl aind 

10 organic acid ecmipDnent arc preferably present in a ratio of from 20^1 
to 1 : 2, more especial Jy 6:1 to 1 :1 . The Wend is suitably parsed through 
the appropriate medi screen using a niiilii^ niBbhin&. In tlie case of 
coating in a convcntLonal coaling pan^ alternate layeni of a coatin^g 
^luttOiV&iispenBioii of the p^lymer'tc moieriat and th? powder are 

15 applied to the central inett core to build up tlie multi-layer ttrraogenriejn 
of the core. In the case of an autoictatic coating system, thc^ coating 
^olntion/fiuspension of the polymeric material and the powder are 
applied^ sunultaneouBly^ in conventional manner TTi& coatlnj 
solntipn/suspexiifioA of the polymeric material connpriaes one or more 

20 pol>'meTS dissolved/su^penided in a suitable solvent or n:hlxtuie of 
atolvcnts. The concentration of the polyxneric material in the coatbg 
solution/su^pensicn is d^temiinedby the viscosity of the final 
!joLutLon/»uspen&ioA. P/eferabJy, betwewi 5 and 60 parte gf the rcntral 
inert cores are nsed relative to the homogenous poWder. llie addition of 

25 a plaaticiring agent Eo the polymeric solutioai/su&pen&ion may be 

necessary depending on the fonmiktian to improve tike elasticity and 
also the stability of tlie polymer film awd to prevent chsiiigeis in Ihfi 
poLycnci pcdneability over prolonged atora&e. Such changes could 
affect the dmg release rale. Suitable plastici^ing agents include 

30 polyethylene glycol, propylene glycol, glycerol, iriaoctin, dimcrhyl 
phthalafe, diethyl phlhalatc, dibutyl phlhalate, dibiityl sebacate, tnethyl 
derate^ tributyl citrate, triethyl acetyl citrate* caRtor oil and varying 
percentages of acetylated monoglyceridcs. 
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As meiitioiiwl above, llie cow niay aptiuoE&lly contain a iubricarw, 
A pr&ferred range of nEtproxen to lubiricant rado wliea a oenrrftl iudti 
cqre lA used 15 50:1 to 5:1. 

Preferred coating materials uiclud& - solutions/suspensions of Die 
5 polymers cited fur use in the nrpplicarion of the powder blend to the 
[»ntriLl core3 in a suitable organic/aqueous carricrmodium. 

The memhiratie of the film-forming polymer or mixture of 
poljtners surrounding the core preferably haft a proportion of a 
polymer which U slightly pcrmcabic to naproxen and water and 
10 optionally a pmpmtion of a water permeable polymer, the ratio of 
slightly water penneaWe Jo water permeable polymer being detcnnincd 
by Ihe iitheij^t peimeability characteristics of the pDlymE!i{!t) li^lected. 

The membrane may al&o be compo&fid of a proportion of a 
poiyaier which is water insoluble and a proponion of a polyo^r which 
15 is water soluble, the ratio of wat^r insoluble to water soluble polytner 
being determined by the inherent penneability characteristic? of the 
respective polymeiis. 

Normally the ratio of water inftoluble/sUfilitlj' pemieable 
polyjn^^r^ to water soluUe/penneablii pdyjneiis lied between 1:5 and 

20 50:1, more usually 1:2 and 20:1. Examples of each of these types of 
polymer are dsscribed above. Especially useful wztter i{Qlubl04^cnncab]& 
polymers include poly vmylpyrrolidojfie, polyvinyl alcohol and 
BUDRAGIT RL, whilst useful water insoluble/slightly pcnneablc 
polymers include ethyl celluloset cellulose acetate, EUDRAGIT RS, 

25 eOORAOrr RUDRAOIT E and HUORAGrr S- Coanmercially 
available ready-niade polymeric solubons/suspensions may a^sobe 
v^seftiL These ready-m»de M^lutLonVR^i^ipensioRs may optionaUy tx^ntain 
plastici:£iii£ agents to impA>ve the polymer film as described p^ev^oust>^ 
Examples of ready-made so1utions/su.spenxiuns of polymedc maitcTial 

30 with or without pli^ticizing agent include BUDRAGIT RL 30D> 
BUDRAOIT NE SOD. EUDRAOIT B 12,5. BUDRAGTT L 12,5 P. 
EUDRAGIT R 12.5, EUDRAGIT S 12.5 P, BUDRAGIT RL 12.5, 
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EUDRAGIT RS 300, EUDRAGIT RS 12.5, AQUACOAT Tth6t 
Mark of FMC Corporation) and SURK-I J.?ASE (a TmJc Mark of 
ColoTCOn Inc.). 

The water insoluble polymer of the msmbranie may also compiise 
5 naturally occuirirg polymers or le^iiis, Especially auhabl^ « atitr 
msolublc^ nafurdlly occuniitg pol>Tiicr& include shcLlac, chitosav, 
gumjuniper or a mixture thereof. 

The memhrane my be huilt up by applying a plurality of coats of 
ineinbraiie polymer solution or au Bpen&Lon to tht coi« SiS h&fdnafler 

10 dCsCiibcd. The mcmbmnc wlution or suspension cuntaim Ihc 

polynnerCs) dis^lvect or suspended, respectively, in a s^uitable aqtieov$ 
or orgsii\ic solvent or uiixturfr of jivlvchEs, optionally in the presence of 
3 bbncant. Suitable Jubricants aiB taLc» slemc jicid, magnesium ^caralc 
and sodium st&arate, A particularly pi^feried iubricvit is talc The 

15 mfittibf^e, polymer or inixturc of polymers may optionally include a 
plasttcinng agents Ihe f uwttioa and cboice of which hs* been previously 
described. 

Hie disralution rate achieved is pUD^rtionally ^wer jts tlie 
amount of membrane applied i& increased, 

20 The membrane solution or suspension may be applied to the 

active core* in h conventional coaling pan as indicated or, alternatively* 
Uf^ing an automated s^Rteni inich as a CF granulator, for example, a 
FREUND CP graiiulator, a GLA IT fluidbed bed processor, an 
AEROMATTC, a moJificd AOCELA-COTA or any olher siutabJy 

25 autoiiwled bead coating equipmem (FREUND, GLATT. AEROM ATJC 
and ACCKUV-COTA ate aU Irade Warlw)- 

Ptefeiably 2*75 ml of membrane solution/suspcnition is applied 
per application per kilogram of cores. In an automated system the total 
aanounit of inembrane soluticn]^su3-penifci(xn applied, to the cores h the 
30 f^ame as that applied in a conventional coaling pait, except that tlie 
mejmbrane Aolution/fiuspeiiBioa may be applied ccmtinuouKly^ 
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Pr&fenitblyp wlu;ii &i coating pan is; the membrane \n ^pi^lled at 
a miE of ,%30 ^pplicationsi/day until all of thft applicaiions have be&n 
applied. Between days thepclkfa arc diicd foi a Etuitablc period of tiitio 
at a controlled tem|>eratuie. 

5 The pellets and granulate may iye cnjnpresssed into tablets using a 

binder Aiid/orlKwrdeiiiiig E^enf comnioiil)' employed in cableting sn-d\ a« 
iiikn>c;iysitalliii£! ccUuloso sold irndLa* the Thitl& Mark "AVlCEL" or a 
00-co'stailized powder of higliJy modified dextrins {3% by weight) and 
Fsucrose iwld under the Trade Maik "DI-PAC" in such a way lhal the 
10 specific dissolution rate of t1\e pellets is tnaintained. 

The pellets by thcmRelves or combined with naproxen powder or 
iiapfoxen ooies may also be filled into hard or sofls:elatLne capsules, 

Hius the appliLants have incuiporatcd mulii^parlieulale pelletd of 
the sodiijm salt of naproxen into a tablet base. These muhi^particulate 

IS pelkts aie fomiuUted with swBtatned leleasa characteristics allovi'uig a 
continuoiifi supply of naproxen to be maintained Li the playioa to achieve 
a proioaiged analgesic effect. On administrjUion of flie naproxen 
fommlations of fhc present invcntiooL, the fonnuktioii. preferably a 
tablet, rapidly dlssnciates leleasing the pellets over a wide area of the <ji( 

20 tiact. Thus, the number of gastrointestinal ab«oTption sites i» increased 
minimizing the occurrence of adverse Gl effecis often ftssodaled with 
ihe administration of NSAIDs 5uch as naproxen. The subject naprojcen 
tablet foonulation thcrcfaic is ideally suited to a oncendaiiy do^^ 
regUnen having die potential for fewer assoi^iated advcr&e Gl etfects. 

25 The aocompanying Figure is a graph of mean piasma levels 

(fig/ml) versus time (hour*) for a naproxen formulaiiun according to 
the invention relative to two reference naptoxeiv foimulations- 

The invention will be further illustrated b>^ the following 
ExAinples: 

30 
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Example I 

Naproxen sodium (50 kg)^ citric acid (14.2S6 kg)» sodium lauiyl 
sulplnate; <I.07I k^) aiid falc (3.571 kg) were blended and luilfed 
tl3iv)tigh a suitable mesh scruea iis obtain a homogenous powder, 

5 The powder was applied lo sliird^/sugar seeda (0.3 - 0,425 mm 

dlaiT>et^r) (4,286 kg) using a PREUMD CP granuktor and a coating 
solution of 3,5 9p poly vinylpjTfolj done isoprop^uol to fonn tbe ooi^fts. 

A iieipjnbi'aiie was the^i applied to the cores t>y spraymg on a 
solution comhtm$ ot 

10 l2Jf% EUDRACn RS in 

acett>iic/i»Dpropanol 40:60 50 parts by weight 

IZ-SgbEUDRAOlTRLin 

acetone/isiQpropaiioL 40:60 40 parts by weight 

L2.5?f>EUDRAGrrLin 
15 acctone/isopropanol 40:60 10 parti by weight 

I^ropanol 1 00 p3^tis by weight 

while at the same time but fiepatately dusting on talc (100 part:* hy 
weight) ix) converilionaL manner. The ratio of membrane solution to talc 
applied was 0^62 g of talc per gram of membrane solution. A siifftcbtiX 
20 aixioLutt of itiembratte solutlot) end talc w^s applied to 76.21 4 kg of 
coreH to achieve the dissolution profile given below. 

The finislied pellets were dried to evaporate all solvents piiof to 
performing Ihe dissolution profile. 

A wet grai^uUtion of naproxen sodium (29,100 kg) and 
35 polyvinylpyrrolidone (K30) (0.1)00 kg) was piepafed by adding 
isopwpanol (8.2351 kg) slowly with mixing- Mixing was continued 
uatU a uniform maxs was produced. The granulation i^-as dried for a 
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niiniinuni cf 12 hours at a temperature of not ksx than 45*^C, The dried 
gn)n\]!fttion was tlien passed tJtroitgh an of^ci Hating grumilator, 

Napix)?ten sodium pelleia (27.216 kg) and naproxea granulate 
(8^ 11 2 kg) wer? btended with additional tabLeting ^xcipionU: 

5 MiciccryKtallinc cclliilrt»c J 5-372 kg 

Cross j>ovi done 1,049 kg 

MagncTjiium ^tcatate 0,260 kg 

aod pressed iato uiicoated tablets. 

Slight adju&tin^t^ may be made in the above quantities to eihsure 
10 a taigcf tablet potefijOy of 500 ing of naproxen. 

The naproxen taWetP wre coated with an aqueoEis film coat. To 
do 50» 0350 kg of Opadiy Whit& OY-D-7192 (Opadiy White i* a Ttade 
Mark) was vmghtd and siowly added with mixing to 1 .400 kg of 
purified watcJT, M\x\t\% ft-as continued for 30 ininDte^. 10 kg of uncoatcd 
15 tablets were weigbed and placed in an ACCEL A-^XiTA. The ooating 
was sprayed onto the tablets at a rate of 30-70 g p&r nrinutc until [;OaLiiig 
^'as ccmpleoe. 

Tlie das^olmtion rate of the pellets; prepared above, prior to 
mixing with the granulat^^p wa^ tested by tJie nielhod of ?he 
20 Phatmacopoeia XXII Ba*et Method in phosphate buffer at pif 7,2 and 
at 75 r.p.m- The isupioxefl sodium was quwititatively datermined using 
n,v, spearopholamEtTy at 331 am. 



25 
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The dissolution race was &s follows: 



% Naproxen Sodium 
Timm fh^ Released 

1 11.2 
5 2 42.6 

The dissoluUoni rate of the posted tablets was tested ajid 
d&tcimincd to be follows: 

% Naproxen Sodium 
10 Time {released 

0.5 36.8 
\ 50,5 
4 93.3 



15 Naproxen sodium (15.4 kg), citric acid (44 Vg) and laic 

<0.200Kg} wene Uieiided and milled Kfarough u suitable mesli sccecn to 
obtain a homo^eneoiis powder, Tbh powdei blend vs^as layered into 
spherical cores it^ng a FREUND CP gniiiuUitor or a GLATT taixl a 
coating solution of i%5% Eudragit RS in isopnopunol. 

20 A membrape was then applied to the eores by sprayitig on a 

solution oon&i&ting of: 

12.5% EUDRAGIT RS in 

acctonc/iftfyptopanol 40:60 70 parts by weiglit 

12-5% EUDRAOn* RL in 
25 acetonc/isoprapaiiol 40:60 l6 parts by weight 
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12.5% EUDRAGIT Lin 

ac&tone;/isopwp«uiol W:6t? 20 pactR by i^'eight 

Isopropaiw \ 1 00 partSf by weight 

while at th&snin&titifiebLit separately djsting an talc (40 parts by 
5 wdghO in the conventional maTineT. The raxio of meitibrans solutiott to 
talc applied was Or25 g otx^lc p&r £ram of mciabninD solutian. A 
suffJCieiU amount of membrane sGluiion and talc wa.^ applied to 20.00 
kg of coreft to achieve the d]!;i»)LutioiL profile given h^\t>w. 

The finished pellets were dried to evaporate all solvents prior to 
1 0 perfoi'jnbig t^e dissohktiojn test 

A wet grjuwlation of naproxen scdiutn (9-700 kg) and 
polyviiiylpyrrolidone (K3UJ (0,300 kg) was prepared by adding 
iRopropanoL (2.745 kg) slpwly with miicing. Mixing was continued until 
a uniform mass was produoed, 'Jlie granular ion was dried for a 
\5 itiiniitium of 12 hours at a tc^mpdraturfi of not Icftfi tljaik 45^C. The ddcd 
granulation wa^ then passed through an oeciUatiitg granulatoir. 

Naproxen sodium pellets (24 tig) and naproxen granulate (6.4 kg) 
were blende J with additional lableting eicipieiits: 



Micracrystalline cellulose 4.6^ kg 

20 CrosspovidMie 0-76 kg 

Ma^esium steaiate 0. 19 kg 

PVPK30 0J6kg 



und presided into uucoutcd tablets. 

SliglU adjustments jnay be made in the above quantities to ensure 
25 a target potency of 500 mg of ikaproxen. 

The DaproTcen tablets wer? coated with an mquAOuft fihn coat. To 
do so, 0350 kg of Opadfy White OY-D-7192 was weighed and slowly 
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added with imxiiig fo 1.400 kg of purified wati&iv Mixing: wiis oojilinued 
for 30 jninutcR. 10 kg of uncoated Sdblels were weighed and pl»ocxl in 
ACCELA-CXXTA, 'fhe. Poalifi£ was sprayed onto the tablets at j mtt; 43f 
30^70 g per mmuEc until ccKiiin^ wa.^ complete. 

5 Th& diifsoluLlcn rate of the pellets prepared above, prior Co 

naixing with ihe granulate, wa^ (estcd by the method of the 
FtiannACopo&ia XXn Ba»sket Method in phosphate bijjffer at pll 7.2 and 
at 75 r-p-m. The naptoTien ecdium Vif^s qiiflntilativdy defcimined using 
U.V. spectropholotnctry at 331 nm. 

10 The dissolution rate was as folio ws: 



% Naproxen Sodama 
Time CWi Rclcuscd 

1 23.9 

2 36-6 
15 4 6L3 

1^ dissolution r^te of the coated tablets was tes^ and 
detennuted to be &s follow^: 

% Naproxen ^dJum 
Time fh) Released 

20 1 60.0 

2 78.3 
4 89-2 



Naproxen &oduiiii (^5 kg), c^it"<^ Jwid kg) and talc (0.323 
25 kg) wcie bkndcd and milled through a suitable^ mesh licrccn i»u afi to 
obtain a homogeneous powder. This powder blejid was divided Into two 
portions and layered into spherieal cores using a FREUND CP 
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graiiul&Lot OT a GLATT and a coating solutim of 12,5% Euclra^if RS in 
ixopropanoL 

A membraTie was then applied to the cores by aprayiiig on a 
solution cc^n^istuig of: 

5 1 2.5% EUDRAGU RS in 

acctone/isopropanol 40:6D 75 parts l)y weight 

12.5%BUDRAGrrRLm 

acetone/isoprcpanol 40:60 25 parts by weight 

IfrOpropanol 100 parts by weight 

10 whik at the same iime but Keparattily duKting on talc (10 parts by 

weight) in tlie cotiveiiticwiai mamier, Tlie ratio of mmbaaiie solution tu 
fab applied vtus 0,06 g of talc per gram of tnembraae solution. A 
suffjcient aniDunt of membranB solution and talc was applied to 33^ kg 
of cows to Hfihieve the dUsolution profile given Iwlow, 

15 The fmislied pellets wet« dried to evaporate all solvents prior to 

performing die disiiohition tes^t. 

A wet granulation of napmxen Rodium (19.400 kg) and 
polyvinylpyrrolidoaie (K30) (0.600 kg) wa& pxTspared by adding 
isopropanol (1.529 kg) slowly with mixing. Mixing was coiuinu^d until 
20 a unifonn mass was produced. The granulaf i[>n wa» drit^ for a 

tiiintmnni of 12 bours at a temperatuiie of not less tbaji45^C- The dried 
grannlation wHs then paft&Dd through an OACiUaling granulator. 

Napioxen sodium pellets (25 kg) and naproxw* granulate (7.85 
kg) weie hlend^d with additional tableting cxcipiciil&: 

25 MicTOCiyst^UinB cellulose 6-00 kg 

(;3roaspo>'ictoiie 0,S15 kg 
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Magn&&lum slc^atate 0.20D kg 

PVPK3Q 0.815 kg 

and pi^sficd into unccuitod tabktK. 

Slighf adjustmBiatK may he made in the above quantitiB^ to eiv^ure 
5 a target tablet potency of 500 mg of (laprOAeii, 

Hie naproxen tabids were Doated with an aqueous film coat. To 
do »o, 0,350 kg of Opadry While OY SWOO was v/eighed aiid slowly 
^ddcd with mixing to 1.4O0 kg of purified wsitcr. Mixing was ccntinciBd 
for 30 minytes, 10 kg of uncoated tablets were weighed and plac^ iti 
10 ACCELA-COTA. Tlie coaling was sprayed onto t]i& tablets at a rate of 
30-70 g per minute until coating was complete. 

The dissolution rate of the pellets prepared above, prior to 
mtKkig with the graiulat^, was tested by the me^od of die U.S. 
Phamnstcopoeia XXn Basket MeOicd iti pliosphaU; buffier at 1<2 mi 
15 at 75 r.p.m, The naproxen sodium was quaittitattvdy detetmb&d using 
a.v. spectrophotometry at 331 nm. 

The dissolution rat& was as foQows: 

% Naproxen Sodium 



20 I 30.1 

2 42.5 
4 6LS 



'Iht dissolution rate of tlie coated tablets was t^^ied and 
dctemiinicd to be a!; follows: 

25 
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% Mapro^&n Sodium 



Tiing^ (y) Released 

0.5 39.6 

1 55.0 

5 4 90,0 



Naproxen acid (50 kg), ciltic BcW {15,64 kg), sodium lauryl 
sufpliate (0,071 kg) and talc (0.500 kg) were bknded and milled 
Ihrod^h a suitable mesh screen to Dbain a homogeneous powder Ttlift 
10 povi'der blend was la>'iered into spherical cotts using a FREUND CF 
gxanulatof or a OLATT arid a coating solution of 12.5% Eudragjt RS in 
isopropajlol. 

A nkESnihi^ft wat^ lh«n applied to ihe coic;^ by spmymg on a 
solulion consisting of: 

IS 12.5% BUDRACJT RS in 

aceiaiie/i!»oprgpaiioI 4Oj60 90 parts by weiglit 

12.5% EUDRAGlTRLin 

acetKTEie/isopiopanol 40:60 10 pans by w^gbt 

Tscpropanol 1 00 parts by weigh! 

20 while at the same tims hut separately dizstirg on talc (20 parts by 

weight) lathe conventioiid manner. Ihe ratio of nciembrane wlution to 
talc applied was 0.125 $ of talc per gram of membrane solurion. A 
Rufficicni amaunf of membr^e .solution and talc was applied to 66-22 
t:fi of cores to achieve die di^solutiom profile givej^ below, 

25 'fhe nntsh^d pellets weie dried to evaporate all solvetita prior to 

perfomiins the dl&Bolution test. The dlssoliation rate of the pellets was 
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tested by Wtt method oFtbc U.S. Pharmacopoeli XXli Bfiskc^t Mdhod in 
plioaphatc buffer^ at pH 7,2 and tii 75 r,p.m. 

The naprDX£ii wm quantitatively deDertnined tifin^ u-v. 
};pectrQpihotoi¥^ry at 331 nm. 

5 The dUrolution rare was a& follows: 

% Naproxen 

Time (h) Rel&a^ ^^} 

1 23-9 

2 36-6 
10 4 61.3 

Example 5 

Nsproxeii cores weie prepared accordbg to Example I- A 
membrane wa? flim applied to th6 cores by aprayiiif on a eufipenslon of; 

30% BUDRAGIT RS in water 30 parts by weight 

15 30% EUDRAGIT RL in water 6 parts by weight 

Talc 6 pam by weight 

Water 50 partft by wcighl 

The reimaiRing 8 parts by weight wens made up by a 9:1 mixture of 
tributylacetyl cilrate, a plasticizer. siid simetlikoiie. an aiitifoata &geiU. 

20 A suf fidenl amDunt of membrane sohition was applied to achieve the 
following desired release rate. 
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1 29.8 

2 47.7 
5 4 73.6 



Bxaciple 6 

Naproxen cores were pre)>ar-ed accoxding to Example 3- 

A memhrane wan then appKed to the cores by spraying on a 
suspension of: 

10 30% eUDRAOn' RS m wflter 40 parts by weight 

30^ EUDRAGTT RL in water 2 paris by weight 

Talc 6 parts by weight 

W^ter 50 parts by weight 

Iht femamtitg 2 p\arts by weight were made up by a 9:1 inuture of 
15 tributylacetyl citme, a plasticizer and simethicone, an antil'oani agent. 

A sufRcienI amount of mcjnbnoic solution was applied to achieve the 
desii^d release rate of; 

% Naproxen Solitim 



20 1 14.5 

2 42.7 
4 7l,t 



Niipmxcn sodium (30-0 kg), citnxi acid (5.00 kg) and tale (0.400 
25 Jig) were blended and milled rhrcugh a mutable mesh scxe^n to obtain a 
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hotrtogesieous powder- This powder bleiui was Ipy^wd into spherical 
core? using ^ PRliUND CF grfidiulaJor or a GLATT and a coating 
^iLfiun of 12.5% Hudragit RS in i^opropauol, 

A membrane was thwi applie<l to the cores by spxa^'iiig: on a 
5 wluti conei*! ing of: 

IZS^EUDRAOIT kS in 

acetoWisoproptaiKiI 40:60 85 parts by weight 

12rS% liUDRAGlT RL in 

iucetoneyisopropanQl 40:60 1 5 parts by weiglit 

ID Isopn>paitul 100 parts by wijigjil 

^-hile at the saine time but «&patare1y dusttiig on talc (40 parts by 
weight) in the conventional maimci. The ratio of inembrane ftolMtiwi to 
toJc applied wn* 0,25 & of talc per gram of membrane solution, A 
sufficient amooint of mdmlsrFam solution and talc was applied Do 3S,4 kg 
15 of cores to achiew the dissolution profile given below. 

'File fnushed pellets ^-ere dried to evaporate alL solvent!^ prior to 
peTfontiing the dis^lutLori tc^sh 

A wet gxaitulatLon of ndipioxcii sodium 04.5S0 kg) and 
polyviiiylp^rrolidooe (K30) (0.450 kg) was prepared by adding 
20 isopropanol (4,116 kg) slowly with mixing. Mixing wa* continued until 
a unifoim mass v/hk poduccd. The granulation wa;S dried for n 
minimum of 1 2 houni at a temperature of not less than 45^C. The dried 
granulation waa tlien passed Throu£:h an o&citlatSng granulator. 

Naproxen sodium pdlels (35,0 kg) and naproxen granulate (8-10 
25 kg) wcic blended v/ith additional tabJcting cxcipients: 

Microciyittallinit! cellulose S.346 kg 

CrtMSpovidone 1 -077 kg 
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Msngntasmn M&arfite 0.270 
PVPK30 . 1.077 

and prcftsted into un^oatcx] tubkstif. 

Slight adjui^tmentR m2y be made m the above quantities to ctisurc 
5 a target tablet potency of 750 KX\g of naproxen. 

The naproixen tabt^ were coated with an aqueciuR film coat. To 
do so, 0.350 kg of Opadry White OY 9400 was weiglied and slowly 
added ^Miih Tnixing to 1.400 kg of purified walcr. Mi?cmg was comtiiiuetE 
for JO miovtes, 10 kg of uncooted tablets were weigliEd and placed in an 
10 ACCELA-COTA. The coating waa sptAyed onto tlie tablets at a r^iie of 
30-70 g per mir^wte until coating was complete. 

The dissoUiiion rate of tht; pellets prepared above, pi ior to 
mixing with the granulate, was tested by the nuithod of the U.S, 
Fhaimacupocia XXH Basket Mefliod in pliospliate buffer «t pH 7.2 and 
15 at 75 T^p.m, The naproxen sodium was quiintifatively detennitied using 
j.v, spficirophotomelr>' at 331 im 

The disEOlution rate was as follows: 

% Naproxen Sodium 

Ji\m.Q\) Rskmi 

20 I 507 

2 71.3 
4 88.0 

The dissolution rftie of the coated tablets was tested and 
deteimined to be as follows: 

25 
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% NaproxetiSodmni 

0,5 49.5 
I 7T.8 
5 4 89.4 

Bxampte 8 

Naproxen sodium (22.5 k^), citfi[; acid <1J25 kg) bM tale (0.251 
kg) were blended and iniUod tlirough a suitable niesh screen to obtain a 
homogenecvuB pawder This powder blend was layered into sph&ricsl 
10 ooKiS using a PREUWD CF granulator or a GLATT ami a coatiJi£ 
sdutioit of 12.5% Budragit KS in isopropanol 

A membrftne was Iheii applied lo the coney by Kpraying on a 
solution consz^tiTig dF: 

12-5% EUDRAGIT RS in 
1 5 acetone/ifiopropaiwl 40:60 70 parLs by wight 

\2, 5% EUDRAGTTRL in 

acetone/isopranol 40;60 10 pat by wei^iit 
12.5% EUDRAGIT L in 

aceloiiie/isoprapanoS 40:6(0 20 parts by weight 

20 IsopropaTiol 100 patts by weight 

while ut the same time btit separately iusimg on talc (5 part by weight) 
in the cunvcniional mamier. Tiie ratio of meinbranje salutton U> tftle 
appJied was 0,03 g of talc per gram of membrane fiotntlon, A sufffigient 
amount of in€mbFiim& solution and rale was applied to 12.48 kg i>f cores 
25 to achieve the di ssolution profile given below. 
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'Ilie fiiiisflied psllefs were cJried lo evaporate uU soIvcjiln piicr lu 
pi^rfomiing the difssolutioii ce!;t. 

A wef granulation of naproxen Aodium (14.55 kg) and 
polyvinyJpyrrclidone (K30) (0.45 kg) was prepared by addmg 
5 lEfopropEuiol (1.147 kg) .slowly with Qiixtng. Mixing was^ confinued until 
n imifonm niBSS was produced, Th& granulation was dried for a 
minimum of 12 houns af a tcmperaf urc of not kxK than 45^C- The dried 
^ratiuladoii was ih^ty passed through an osciLtating grairalator. 

Naproxen sodium pclbbi (12.D kg) and naproxen gianulatx; (3.986 
10 kg) blended with additional t^blettng exdpienfii: 

MicmcryRtalline cellulose 2.32 

Crosspovidone 0,58 kg 

Magnesium atearate O.lO kg 

FVP K30 0,38 kg 

15 Add ptes&ed into uncoated tablets. 

Slight adjustments may be made in the above quantiticft to ensure 
a target fablct potency of 750 mg of naproxen, 

TTic naproxen tablets were coated with an aqueous film coaf. To 
do eo, 0,350 kg of Opadiy White 0Y-D^7192 was weighed mi slowly 
20 sdded with mixing to L40D kg of purified water. Mixiiig was continued 
fot 30 iminuKes, tOkg of uncoated tablets were weighed and placed m m 
ACCELA-COnCA, 't1ie ooating wa& sprayed onto the tablets at a rale of 
30^70 g per mtnut& until coatkii^ was complete, 

'ITie dissolution rate of the pellets prepared above, prior to 
25 mixing with the granulate, was tested by the method of tlve U,S. 

Pharmajcopoeia XXU Basket Method in phosphai^ buffer at pH 7.2 and 
at 75 ^pjn^ The naproxen sodium was quantitatively determined uMi^^ 
u.v. spectrophotortiietiy at 331 tun. 
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'ilie dissoluLioii rate wstH ;is follcnvf;: 



% NapiQxCiii Sodium 
TifP^ fh) A^km4 

1 23.9 
5 2 36.6 

A 61.4 

Th& dissolution rate uf the cu^tcJ tablets wa» tested and 
dctemiined to he as follov\':si 

% Naproxen Sodium 
10 TiiTie ( h) R&teased 

0.5 40,8 
1 70,0 
4 87.0 



* # * 4 * 



IS PhamiamlQ^ical Data f ftr Naprmen ForrmulatiOiU 

Pj^ft jpiflcologicftl Data for Maproxfefi Formuklion of l^xample 1 

naproxen fortniilation prepared in P-xannple 1 was evaluated 
in vi^?f} under steEidy slsttc conditionK. 

2D A steady aiat& study was pcrfonned iti 18 healthj' male volunteers, 

con^paiiiig thD fomiiilatian of Example 1 with iKslcctod rcfdrfince 
prcdiucTB, i,et,> coiiveational umtnediate release tablm. The fonnulation 
□f Example 1 was ddttiinistered as a single tableted dose of UOOO mg of 
noproxen at 0 hcnir* on <Jays 1 -7* while reference Naprosyn <N), a 

25 coTOincicially yviiilable n^inrDxcn fomnilatiom maimfacinred by Syntex 
which IS adminiiitcjcd twice daily, was admijiisteitd as a Single 50O mg 
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tablet at 0 and 12 hours (i.e. b.i.d.) on days 1«7 and rtf^teact SyitJlex 
($), a commercially avaibblc naproxen sodium rortnuldtion 
mattufaciuicd by Syntex which t» admlmslered Uircc to four times daily . 
was administered at ft single 250 mg do^ at 0, 6, 1 2 and IS haais (i.e. 
5 q.i.d.) on days 1-7, Plftstna was sampled out to 24 hours and tlic mean 
results wcine calculated and fabulatedi The results ars illustrated in the 
accCHnpanying Figure, In the latter Figiitc cum a) coTTzspimAs to a 
naproxen formiiklton pie{Mired according fo Example ) ; cuive b) 
coitespoiids to Refejience {tf}; and curve c) corresponds to Rofcdcncc 
10 (S). 

The data piiesenfwi in Table 1 are from day 7 sampling. 

Mean Naproxen Concentrations f ^g/jmlt - Da>' 7 



Hour 



Pormulatian of 



0.0 
0,50 
1.00 
2.00 
4.00 
6.00 
6,50 
7.00 
8.00 
10.00 
12,00 
12.50 
tJ.OO 
14,00 
16.00 

ts.oo 

18.50 
19.00 
20.00 
22,00 
24,00 



46.95 
86.41 
102.09 
99,33 
76,38 
63.34 
59,20 
57,10 
52.75 
48.56 
41.16 
55.27 
67.12 
83.?4 
80.05 
68.39 
63,09 
62.14 
58.99 
53,39 
47,90 



84.92 
94.33 
77.63 
65,05 
53.90 
58.21 
68.53 
72.98 
69.52 
57,07 
62.46 
72,45 
74.81 
67,10 
55.96 
66,89 
74.40 
72.92 
68.11 
61,38 



42.39 
74.95 
84,S9 
90,15 
93.09 
91,22 
87.26 
88.48 
80.64 
69.02 
65.68 
63.52 
60.83 
57.78 
51,26 
44,37 
45.84 
44.53 
42,89 
39.97 
38.30 
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The results of this in vivo comparison of Ihe Idtnujlation of 
Example 1 against conventional imtnediat^ release tabletft (Referent:^ N 
And S) indicate the fonnuUtion of Example 1 OO be bioequtvalem 
5 (99.28%) to RefeKncc N siid bioequivalciit (95-469f>) to Reftrence S- 
Both Example I and Reference S fortnuUitioi\K use (he sodium ^alt vl 
naproxen, tte ReX&r&nce N fotm(ilation> however, uxcs the free add 
form of naproxen. Generally, peak plasnia concentrftttodis foUowiJlfi 
admrnrstiatioriof naproxen as Us fiodiucn sjiU are blgbtx and ate attaiiic-^ 
10 more rapidly thsm those followrng adinmisuation of na[HX>xai as die 
free acid^ hence the uf»e of the Rodium salt in the CDnvcntional form as 
m aiiatgesic on a more fi^uent doling legjimeii (3-4 limes daily). 

The Tmax value of the formuktwn of the present invemicm of 
5.0 hourff was in^ificr^ay lonj^c^r than that of RefeiieAce N at 1 .36 

15 hours, thus deino:]istratiiig (he improved suitability of the present 

fonmulations in terms of maintaining nfiproxeii pbsnna leveh important 
fpr pontinijed !ina1g)99i% omd ^nti-inflamniatDry effects up fo 24 hours 
following administration. Fjrlhejnnore, tlie fontnilation of Example I 
exhibited an exteiuied mean plasma profile with »dequat& dumtion of 

20 lime cover iti the range of desired therapeutic pJasma nsipiDxen 
ooflocxitr^tlom of 30-60 ^g/ml. Also, the jnean CmuTE value of the 
product of Example 1 wa& close to the Cmajc values of flie RefbxencEis, 
indtcxqting that the sustained rdcEiM; duiiaeteii:ilics of Example 1 did not 
adviefsely affect Ihe maximum plasma Levels attained following 

25 administration of the f oimukticKn. 

A gastric tolerability questionnaire was cocnpbeied hy each subject 
on each day of the siludy. The results htdicated a 47% reduction) in 
adverse gA^tminteittuial effects for the fomuilatiou prepared aecordbig 
to Example 1 when compared to those recorded by Reference N or S- 

30 Hie clinical eflicacy of tlie naproxen formulation according to the 

pre&ent iavention was evahjated 5n osteoarthritic patients. In 
DKlEoaithTitisj^ NSATDj; are primarily u^d for dieir analgesJe ratlier 
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than thcif anti^inflaminalojy effecl, allliougfi itiilairiTniifion may be part 
of the symptcvTioafobgy. To evaluate the foimuliition of the preseiit 
invention, Ihc fomiulation of Example I was oompai^d with Naprosyn 
m a doubb-blind double placebo conlralkd ^iuHy m o&EcoaTtlmltc 
5 patients. 

EfTica&y of both napruxen fomiglatio^is indicated by Uie 
degree of pain a^isessed by tlie pAtienl on a vi&uttl fmmlogue scsle and was 
gtfided on a four pi^int vc^rbal rating »cak. In addition^ blood samples 
were analysed for naproxen pla^tna concentrations and any advmc 
10 effects were recorded. A g&siroinLe&Etial tolerabiHly quix^itiaiiiiairic was 
[^ompict[^d by each voluntccx at the end of each treatment period. 

Tn summary, in lemuf of dinical efficacy, the naproxen 
lortnulalion accordhlg to the present invention pcifortn^td ii& wdl an the 
reference and was superior to the refwej^oe in terms of fewer 
15 g;aatrointestinal codtiplaintK and advcriec cvcntsf, thus dtnuonstratmg the 
safety and advantage of th& mdtiparticailaTe fonmilations of the present 
invention when compared with the canunerciaily available reference 
products. 
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CLAIMS : 

1 . A naproxen formulation for oral administration on a once-daily 
basis, said formulation comprising a first portion of the naproxen 
formulated in a multi-pa rticutate pellet form, each pellet having a cone 

5 of naproxen or a pharmaceuticaffy acceptable sail thereof surrounded 
by a multi-layer membrane, said membrane containing a major 
proportion of a pharmaceutically acceptable fitm-forming, water 
insoluble polymer and optionally a minor proportion of a 
pharmaceuticaEly acceptable film-forming, water soluble polymer^ 

10 said mutti-partlculate form being effective to release the drug at such 
a rate as to maintain therapeutically effective blood levels • 
substantially over 24 hours when administered each day on a once- 
daily basis and, optionally, a second portion of said naproxen 
formulated so as fo release the drug promptly following 

]fi admin fstration so as to obtain a relatively immediate therapeutic 
response. 

2, A naproxen formulation aooording to claim 1, wherein said first 
portion is in pellet form, said pellet comprising a core of naproxen or 
a pharmaceuticaJly acceptable salt thereof in association v/ith an 

20 organic acid, the naproxen component and the organic acid being 
present in a ratio of from 20:1 to 1:1, and a muiti-layrer membrane 
surrounding said core and containing a major proportion of a 
pharmaceutically acceptable film-fonning, water insoluble polymer 
and optionally a minor proportion of a pharmaceutically acceptable 

25 film-forming, water soluble polymer, the number of layers in said 
membrane and the I'atio of said water soluble to wafer insoluble 
polymer being effective to pemiit release of said naproxen from said 
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pellet at a rate allowing controlled absorption thereof at 
therapeutically effective blood levels over a 24 hour period following 
each ddily oral adminisiration. 

3. A pellet forniulation according to Claim 2, wherein the pellet 
5 has a dissolution rate which when measured in vitro in a type 1 
dissolution basket apparatus according to U,S, Pharmacopoeia XXII 
in phosphafe buffer af pH 7.2 and at 75 r.p,mr substantially 
corresponds to the following dissolution pattern: 

a) from 0 to 50% of the total naproxen is released after 1 hour of 
10 nneasurement in said apparatus; 

b) from 20 to 70% of the total naproxen is nefeased after 2 hours 
of measurement in said apparatus; and 
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c) not le,^3 than 50*^ of tJie loial ixupa>x£ii is i^fea&ed allcr 4 liours 
of nicasujcniciit in said apparatus, 

4. A peUet ft^rmulatiaii according to Claim 2, whe^1ftil(l tbe pellei hasi 
a dmolution rate which when vneasured m vr^re; id a typt 2 dissolution 

5 basket apparatus according to Phamisicopoeia XXH in phosphate 
b(UfF<2T at pH 7.4 -and at 50 rp,iTi, tbes dissolution rate jtubRlantially 
C4:?rr?spoLids to the: i'ollowing dissolution pattern: 

a) from 20 to 70^ of Ihc total tiapiuxcm is rekafted after I li&Uf 
of zncasfurcmcnt in said apparatu^^; 

10 t>) not f es6 llian 50% of tti& total naproxen is released after 2 

hours of measurement in satd apparaUi&: and 

c) not less fJian 159h of the total mproxei^ is Televised after 4 
hours of measurement in said appuratus. 

5. A pellet fomiulacion ac<!ordi(VS to Ct^lm 2, wherein the oiiganic 
15 acid la selected from one or naoce of the foUowmg adds: adipic acid, 

^^ibic eicid» citKc &oiA^ funwic acidp malic acid, siicctnic acid or 
tartaric acid. 

6. A pellet formulatiort according to Claim 2, wherein the naproxen 
or pharmaoeutically acceptable salt tbeieof and organic acid are present 

20 ill a ratio of from 20:1 to 1:2. 

7. A pellet fottnulation according to Ciaini 2, wherein tlie naproxen 
or phetcmaoeutically acocptabk suilt thcrecf and organic acid arc present 
in a ratio of 6:1 to 1:U 

8. A pcll£^ fomiulation according to Claim 2» wherein the core 

25 includes a luhiicant elected from orte or more of the following: sodium 
steanstte, itia^nc^ium ^jtcanttCp s^fcaric acid or talc. 
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9- A pellet fornfiulaliod jtccordmg to Claim 2, vhetiein co^e 
mctiides a lubriCiaif Hclcctcd from one or inore of Che follc^wing: ^udiiim 
HfeaT^te, magiie&ium sieatatc, stearic acid or talc and the napro?£en and 
lubricanl att present in a ratio of (tohk 10;1 to 200:1- 

5 10, A pell&l fomiulaf ion according to Claim 2, wher&lEi th& core 
comprises naproxcji cr a ptuMXiac^Lttkally acceptable salt thereof and ' 
tlie a&sociated organic add embedded in a pol^Tneric material. 

IK A pellet formulation according to Claim 2^ wherein the oofe 
comprises naproxen cr a phannaceutically acceptable suit tlien&of and 
10 ttse a&^Qciated org&nie add embedded b a polyene matciiEil, ^dd 
polymeric material bcin^ insoluble in wsitcr or slightly penneable to 
naproxen and v^'ater. 

12. A pellet fQimuhtion according to Claim 2» ivhenein the core 
comprises nfiproxei;! or a pliamiaceutically acx^cptaUo salt thereof and 

15 ±e a&isocfatcj organic add embedded in a palymcric material, said 
pDlymedc material consi^ttii^g solely of a water insoluble polymer or a 
polymer wliicih is sligbtly pemie^le to vt'aiefand aqueous soluttoirts of 
naproxen. 

13, A pellet formalaticn according to Claim 2^ wherein the core 
20 comprifus^ n^roxen or a phaimaceuticaUy acceptable salt thereof and 

tite associated organic acid einbedded in a polymeric materia I > said 
polymeric matmal con&istin^ sokly cf a water ^luble polymer or a 
polymer which is freely peraieabte to aqueous solutions of naproxen 
and water. 

25 14, A peitet fomcinlation accordwyg to Claim 2, wherein the core 
comprises naproxen or a pliamiaceutically acceptable salt ihefecf and 
the diiftociatcd organic acid umbcddcd m d polymciic material, said 
polymeric material compi tsing a combination of a water insoluble 
polymer with a water to! jble pulymcr, the ratio of water ^luble/fredy 

30 permeable to water Insoluble/sUglitly perjueable polymer beiug 
dctcnnincd by the particular cvsmbinaticn of piilymi:!^ SEslcctcd. 
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15- A peJiftt fcvrtnotRJtCKii according to CJaim 2> wberdu cof^ 
comprises: 



r) £t powder mixture containing napix^x^ii or a phBTmaceutically 
ac^table salttliereof, an organic acid ^c^cted frt>m iidipic 
5 ascoibic wcid^ citric acid« fi^ni^rlc acid, malic a(^id, succiDric acid 

and uirui lie acid; and 

b) a polym&ric rnaterlal confainiiig a proportion of a 

pharmaceuticatly acccptEiblc water nolubb pol>iw.r and a 
proportion of a plTurraaceutically acceptabb water insoluble 
to polymer, said coit tx^mprteiii^ layei^ of said powder mixture and 

said pol^mciiG material superimposed one npoai IhB dhei and said 
polymeric material b^ing present jii mi amount eifeaive to ensure 
tliat all of said powder mixture h coated into said ayit. 



16, A pellet formulation according to Claim 2, whi^rein iht cott 
15 coonpii&e&r 



a) a powder mixtuni {pontaiiaing naproxen or a phannacBiitically 
acoeptable salt thereof> an origanic acid selected from adipic acid^ 
ascorbic acid, citric acid, fumadcactd, malic acid, succinic add 
and fartaric acid; and 



20 b) a polymeric material containing a proportion of a 

phaimaoculically acceptable water soluble polymer and a 
propoition of a pharmaoeuticalty acceptable water insoluble 
polymer^ said core comprising layers of Haid powder mixtuTO ajid 
said polymEiic material superimposed one upon ih& other and said 

25 polymeric tvuiterial bemg pce&eiit iix an amount effective to CRsute 

tliat all of said powder niixlute is coaled huo said core. 



and Tvherein the vvater soluble polymer is selected from polj-vin^'l 
alcohol, polyvinylpyrrolidone^ metbyl ceUuloNc, 
hydrosL>'propyloellu]o&e, agar, catrageeiian, xanlhan^ 
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hydmxypropylmethyl cellulose or polyethylene glycol or m mixture 
thereof. 

17. A {Wlkt formulation accordiivg (o CJaim 2, wherein the core 
cpmprises; 

5 a) A powder intxture coairaiiiing naproxctt or :i phanii3c«ulicatly 

nccepf Able salt thcraof^ an organic aci4 selected from udlpic acid^ 
a^scorbic acid, citric acid> fiimEiric acid, malic ajcid^ »uccinic acid 
and tartaric acu): tdid 

b) ^ polymeric matenal coiiiaimiij^ a proparfion of a 
10 pharmao&uticnUy amsptablc water soluble polymEf and a 

propprtioTx of ft pharniaceutically acceptable water iii&olubie^ 
polymer^ &aid core ccKmpiiidng layers of siiid powder mixture and 
»aid polymeiic material superimpo^^ one upon the other And said 
polymeric material being present in an amount effective to en^uzt 
15 that all of said powder mixture U coated into said core, 

and wher&in the polymciic miiterial is freely permeable to naproxen and 
^er and comprises a copolymer of acrylic and inethacryiic ncid esters, 

18s A pellet fomiulation according to Claim 2, whei^in the core 
comprid&s: 

20 a) a powder mLxtuie- confaiiiniiig naproxen or a phartnaoeutieaLy 

acceptable R^lt thereof, an organic acid neleaedfrnm adipic acid, 
ascorbic acid, citric acid> fainaric acid, inallc acid, succimc acid 
and tartaric acid; and 

b) a palymeric maierial conlaining a proportion of a 
25 phamiaceufically acceptable u'ater soluble polymer and a 

pi <)portioii of a plianmccuticAlly acceptable water insoluble 
polymer, said co^e compr[!;ing layers of said powder mixture and 
said polj/meric material supcrimpijscd one upon the other and said 
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pulymfiiic material b&ing [vresein Ux m amount effective to ensure 
that all of md powder mixtuTc is coated into said core> 

and wheceli tlie WTiter ineoluble poljttier is &ekc^tcd Irom ethyl 
C&llulofrfip cellylose acetate » celluinsc propionate (lower, medium or 
5 higher moUcuiar weight), oellulo&e acetate propionate, cellulose acetate 
butyrate^ ccI1u[d5& aoetati! phthalate^ cellulose triacet^tej ]>oly(inethyl 
methacrylate), poly(ethyl tnetliaaylate), poly(buiyl methacrylAtc), 
poly(i6obut>'1 inethaccyliUfr)p poly<hcxyi in^^thaccylttie)^ pQly(isodecyl 
methacrylate), poly(lauiyt inethaciylat^), poly(phetiyl medaacrylate), 
to pot>'(nielliyl acryl&le), poly(isopropyl aor^late), poly(ist)lnityl acrylEite), 
poly(octadecyI acrylate), pDly(ethylcne)> poly(ethy]ene) low deiu3t>% 
po]y<efbytene) hi^h density, poly(propylene>, poly(ethylene oxide). 
poly(ethylene terephthEdutc), poly<vuiyl bobutyl ether), pOlyCvifilyl 
ifcDetate)> poly (vinyl ctitoride) or polyurethane or 'a mixture fhercof. 

15 A pclbl fbmuilajtLon Hccording to Claim 2, whereto the core 

comprises: 

a) a powd&i mixture containing naproxen or a pbacmaceuticsilly 
doocptable salt theicofp an oipaAc acid selected from odipic acid, 
ascorbic acid, cUric acid, fiiniaric acid» malic acid, succinic ficid 

20 and tartaric acid; and 

b) a polymeric material containing a proportion of a 
pharmaceutic^Ily accepfable wat^r soluble polymer and a 
propoction ofa pihamtaoeuttcally acceptable water insoluble 
polymer, sftid core comprising layer^^ of Raid powder mixture and 

25 said polymeric material superimposed one upon the ottier and said 

]>DlymerEC material bdnj^ preaeiU in an amoutit effective to ensure 
that all of Raid powder mixture Ir coated into xaid cord, 

and wherein the water insoluble polymer is fftlectcd from a naturaQy 
occurrii\g pol>'raer selected from shell^ic chi'twian, gumjuniper or a 
30 mixtuni thereof. 
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20, A peliet forcnulatioii accord to Claim 2> wherein tlic core 

a) £1 powder mixture coniaifiing naproxen or a pharmsioeudc^ally 
Eicocptable Halt thjereof^ tm 0T]ganic acid delected from adipic acid, 

5 ascorbic ocidp cittic acid, fumaric acid, malic succinic add 

und tEiTtaiic acid; and 

b) a polymeric nuitcrial DDAfdtniiij; d propDi^JOn of a 
pliaminceuitically acc-epJabJe water soluble polymer and a 
proportiori of a phaimEiCCutjcal^y aocepEable water insoluble 

to polyinei, s&id coi? compnRing Layers of said powdar mixture and 

«ajd polymeric mfitedal su|)$ruDposed one upon thi& oth«r siid said 
palymeiic niatenal being prt2M;nt in an amoiiiU ef feaive to ensure 
that all of said powder mixture is poated into said tu(rc, 

and wherein the polynwrlc material is sligbtty permeable to Jiaproxen 
15 and water and comprifre* a copol>iner of acrj'lic andniethaci^lic acid 
esters^ 

21 . A pellet fomiulation according fo Claim 2, wherein Ihs core 
codtipd^s naproxen or a pfiatmaceutically acceptable salt thereof and 
the associated oi^^nic acid embedded in a pol>'niede (material, and 

20 wherein tlie naproxen, ot^tc aeid and polynieiie niatciial aie built up 
on a central active core. 



22. A pellet fomniktion zLccording to Claim 2, wherein ihe water 
insoiiibb polymer ofthe membrane is fleeted from ctt^yl cel1uloBe» 
ccllutosc acetate, oelluiose propionate (lower, mediuin or higher 

25 molecular weight), ceDulasc acetate propionate, cellulose acetate 
butyrate, celltilo^ a<etate phthataxe* cellulose triacetate, poly<methyl 
mcthacryktc), pi3l>'(ethyl methacrylj^le). |i>ob'(l>Utyl methacrylale), 
polyOsobutyl nxethaciylate)» poly(hcxyl metliacrytaie), paiy(igodecyl 
mefhaciylalc), paly(lauryl metJiaerylale), poty(pheiiyl methacrylate), 

30 polyCmethyl acrylaie), p£>ly(isopivpyl acrylate), poly{i&ol)Utyl acr>'late). 
poly(Qctadccyl acrylatc), poly (ethylene), poly (ethylene) low denRity, 
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paiy(cthylcne) high density, poly(proi>y3eji&), pol><ethyleiie o?:ide). 
poly(el1iyI&ne cetcplithfilmei), poly (vinyl iso1>u(yl ether), poly(vitiyl 
acietate)^ poly (vinyl chlnridE) or polyurethane or a mixture fhcicoL 

23. A pellet fomiulafian according to Claim 2, wherein the v/kttt 
5 insoluble polyiner of tlie membrane is aefocted from a icuitUTEilly 

occurring polymer sdccEicd fixmi shellac^ chifosan, gum.tuniper or ft 
mixture thereof, 

24. A pellet formulation acconjmg to Claim 2^ wherein the water 
iiolublc palymcr of the mcmbrsirbe ii selected from polyvinyl alcohol, 

to poly%'inyfpyFrollcloned methyl cellulose^ hydraxypropyl cellulose, agar, 
carrageenaiip xanthanv iiydfoxypropyJmcthyl cetlulow or poiyethylenc 
glycol or a mixture thereof. 

25. A p&Ilct fodtnulation accordinig to Qaim 2, wherein the water 
insoluble pnlyxner of the mjmttbrane is teplsoed £iK appropriate by a 

15 proportion of a polymer which is slightly permeable to tiaproxen and 
v^':ater and the water soluble polyttier of the membrane is replaced by a 
proportion of a polymer which is freely permeable to naproxen and 
water 

26. A pellet farmuLatiOn acocrding to ClftiiiP 2, wherein the water 
20 insoluhlc polymer of the membrane i s replaced as appropriate by a 

proportion of a polymer which is slightly permeable to naproxen and 
water and the water soluble polymer of the membrane Is i^laced by a 
propoction of a polymer which ift freely permeabJe to naproxen and 
vi^ter, and witerein each of the .slightly pcunci^ble and freely permeable 
25 pDlymcTs compriaes a copolymer of acrylic and mcthauiylie acid esters 
having the desired pcmicability chataetertistic^- 

27. A pellet formubtioA according to Claim 2, which indudca in the 
core and/or ttie membrane^ a pbsticizidg agent selected froofi 
polycdiylcncj glycol^ pfopylcjie glycolj glycerol, triaccfin, dimethyl 
phthaUtep diethyl phfhi1ate» dtbutyl phthalare. dibutyl sebacate, tnethyl 
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citrate, tributyl citrate, triethyl acetyJ citrate, casfor oil ar an acetylated 
monoglyoeridfi- 

28. A forrriLjIation according to Claim 2, which contains naproxen 
sodium as the active ingredient 

5 29. A process for the production of a fornnulation according to Claim 
2, which comprises fomning a core of naproxen or a pharmaceutically 
acceptable salt thereof and an organic acid and enclosing the core in a 
meiTibrane of a film-fomiinQ polymer or mixture thereof as defined In 
Claim 2 which pemnits release of the naproxen or the pharmaoeutically 

10 acceptable salt thereof in the manner set out In Claim 2. 

30. A controlled absorption naproxen formulation for oral 
administration, comprising pellets each pellet oomprismg a core of 
naproxen or a pharmaoeutically acceptable salt thereof in association 
with an organic acid, trte naproxen component and the organic acid 

15 being present in a ratio of from 20:1 to 1:1, and a multi-layer 

membrane surrounding said core and containing a major proportion of 
a phamiaceutically acceptable fifm-forming, water insoluble polymer 
and optionally a minor proportion of a pharmaceutically acceptable 
film-forniing, water soluble polymer, the number of layers in said 

20 membrane and the ratio of said water soluble to wafer insoluble 
polymer being effective to permit release of said naproxen from said 
pellet at a rate allowing controlled absorption thereof at therapeutically 
effective blood levels over a 24 hour period following each daily oral 
administration, said formulation including a sufficient quantity of a 

25 rapid release fomn of naproxen to ensure prompt achievement of 
analgesicaliy effective blood levels together with therapeutioaJly 
effective blood levels over a 24 hour period following each daily oral 
administration. 

31 . A controlled absorption naproxen formulation aooonding to Claim 
30 30, Which has a dissolution rate which when measured in a type 1 

dissolution basket apparatus according to U-S. Pharmacopoeia XXII In 
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ph&splialc buffer pH 7.2 and at 75 r.p.m. substantially c rrasponds to 
the follov/ing di&&olxition pattenu 

a) from 15 ta 50% of tlie toiei iiaproxea i& reJeaaed after 0,5 hour^ 
of measuremsnt in said apparatu.^; 

S b) from 25 to 75% of the total nsiproxcn is rclcaffcd tif Ecr 1 Iiour oF 
EnmureEne'nit in sasd appamtus; and 

c) net ]t^ft than 66% of ihe total naproxen is lelensed after 4 hoars 
of meaKUfeinent in said apparatus. 



32. A controlled iibi^orptLon naproxen fonmuIatioA accotding to Ctahl 
10 30, wtiich haft a dissolution rate wJiich when measured in viu'o fn a type 
2 di^isolution paddle apparatus ai^cording to U.S. FhArtnacopoeia XXII 
in phosphate buffe^r atpH 7.4 and at 50 rp^nt. the dissolution rate 
iiubxtantially corresponds to the folio wu^ di&sf^lutionpattcniL 

from 25 to 60^ of the total naproxen Is released After 0.5 hours 
15 of mea&Yireoient in said auppanitus; 

b) from 35 to 15% of the total naproxen is released after 1 hour of 
mcasurcjneiU in said apparatus; and 

c) not less than 6S% of tlie (otal naproxen is released after 4 hoi/ta 
of memremezit in said apparatus. 



20 33- A controlled absorption naproxen foimulatiom according to 
Claim 30, which ooniprisos a hbnd of ^vi pelletSi logethfir with up to 
60% by weight of ^said rapid release form of nuiproxen, 

34. A control Led absorption naproxen fomlulation according to Claim 
JO, wherein Ow rapid rtlease form of naproxen comprises a rapid 
25 leieaae groutitate. 
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35, A foftnulation according to Claim 1 , 2 or 30 in tlw fofm of a 
capsule or tablet 
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ABSTRACT 



CONTROLLED ABSORPTION NAPROXEN FORMULATION FOR 
ONCE-DArLY ADMINISTRATION 



A naproxen forniuUtion for oral administration on a once-daily 
basis cQmpii^eit ii fimpDitlon of the naptaxen roniiuUit<e<l in a m^iUi- 
particulatepeU&t form designed to release llie drug at a rate SiufficienL to 
maintain tlieraipButlc^lly tfffcctive blood l&vds substantiaUy over 24 
hours when adrainiBtered each day a once-daily basiu and, optionally, 
a second portion of th& naproxen fomiulated so as to release the dmg 
promptly follovi'ing admiimEratioii m> at to otaain a rclativdy immediate 
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ii^ntj, ^.odts, 
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